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Claims 

1 . A type of harmfiil insect repelling film for use in agriculture characterized by the fact 
that the film is formed fi-om a thermoplastic resin composition containing mica flakes coated 
with fine particles of titanium oxide. 

2. The fihn described in Claim 1 characterized by the fact that a transparent thermoplastic 
resin layer is formed on the inner surface or on both the inner surface and outer surface of a 
thermoplastic resin layer containing mica flakes coated with fine particles of titanium oxide. 
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3. The film described in Claim 1 or 2 characterized by the fact that the film is formed 
using a co-extrusion film forming method that uses 2-type/2-layer dies or 2-type/3-layer dies, or 
a method, in which separately prepared two or more types of films are bonded or overlapped and 
heat sealed. 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a type of fihn for use in agriculture with the effect of repelling 
harmfiil insects fi-om plants being cuUivated. 

Prior art 

In the prior art, when finit vegetables, leaf vegetables, and other vegetables, flowers, fiiiit 
trees, and other plants are cultivated, the house, tunnel, or ground where the plants are cultivated 
is covered with a transparent or semi-transparent fihn, e.g., polyethylene fihn, ethylene/vinyl 
acetate copolymer film, soft polyvinyl chloride film, or the like. 

When the house or tunnel is covered with said film, the temperature inside the house or 
tunnel can be increased in the low-temperature period, so that plant growth can be accelerated, 
and energy consumed for heating the house in winter can be reduced. On the other hand, mulch, 
that is, covering of the ground for cultivating plants, is adopted to maintain moisture in the soil, 
to raise ground temperature, and to prevent run-off of the fertilizer component. In the recent 
years, however, with popularization and development of said coating cultivation method, many 
harmful insects have flown in, and, as they live on the plants, they harm the plants seriously. In 
particular, the harmful effects are significant in southwestern warm regions, e.g., Okinawa, 
Kyushu, Shikoku, Chugoku, Kinki, etc. due to such harmfiil insects as southern yellow thrips and 
aphids. 

Methods for preventing said harmfiil insects include the method using repellants, 
insecticides, and other agricultural chemicals, and the method of trapping using pheromone 
which can attract harmfiil insects, adhesive tapes, etc. These methods have been adopted in 
practical applications in some cases. 

Problems to be solved by the invention 

However, these methods have some problems. For example, as agricultural chemicals are 
used, harmfiil insects develop resistance to them over time. As a result, one has to develop 
agricultural chemicals with even higher insecticide effect. As a result, toxicity to humans rises. 
Also, as the agricultural chemicals are accumulated in soil, they lead to pollution of environment 
or other secondary harmful effect. This is undesired. 
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As harmful insect prevention methods free of the aforementioned problems, the following 
methods have been developed: a method in which a film with aluminum or another metal coated 
on its surface and having a high reflectivity for solar light is applied to cover the plants or ground 
so as to prevent harmful insects from flying in; a method in which a fihn that can cut off 
near-UV light is used to prevent harmful insects in houses and tunnels covered with the fihn. 
However, these methods also have their own problems. In the former method, the cost of the 
product is high, and, as the reflectivity for sun light is high, the light transmittance falls so that it 
is inappropriate for covering houses and tunnels. Even when mulch is applied to the ground for 
cultivating plants, it is still hard to increase the ground temperature, so that this method cannot be 
adopted in practical applications, except in certain special cases that require said characteristics. 
This is undesired. In the latter method, although it has excellent effect in preventing harmful 
insects in covered houses and tunnels, but it nevertheless has poor effect with respect to coloring 
of eggplants and flowers, so that it can be adopted only for certain prescribed species of plants. 
This is undesired. Also, when mulch is applied, the harmful insect repelling effect cannot be 
displayed at all. 

Means to solve the problems 

In order to solve the aforementioned problems, the present inventors have performed 
extensive research on how to raise the temperature of the groxmd where plants are cuhivated and 
to prevent harmfiil insects from flying in and living on plants so that growth of the plants is 
accelerated. As a result of this research work, it was found that mica flakes coated with fine 
particles of titanium oxide can reflect UV light at a prescribed wavelength that can effectively 
repel harmfiil insects. As a result, this invention was reached. 

That is, this invention provides a type of harmfiil insect repelling fihn for use in 
agriculture characterized by the fact that the fihn is formed from a thermoplastic resin 
composition containing mica flakes coated with fine particles of titanium oxide. In the following, 
this invention will be explained in detail. 

There is no special limitation on the type of the thermoplastic resin used in this invention. 
Examples of the thermoplastic resins that may be used include low-density polyethylene, 
high-density polyethylene, ethylene/butene-1 copolymer, ethylene/4-methylpentene-l 
copolymer, ethylene/vinyl acetate copolymer, ethylene/acrylate copolymer, ethylene-methyl 
methacrylate copolymer, ethylene/vinyl acetate/methyl methacrylate copolymer, and other 
ethylene homopolymers and copolymers, polypropylene, polyvinyl chloride, etc. These resins 
may be used either alone or as a mixture of several types. 

The film of this invention may be manufactured in the following steps of operation. 
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The thermoplastic resin composition containing mica flakes coated with fine particles of 
titaniimi oxide is prepared by mixing and blending the mica flakes coated with fine particles of 
titanium oxide while the resin is melted using a conventional Banbury mixer, 2-roll blender or 
extrusion blender. The obtained resin composition is then formed on a film by means of 
conventional inflation film processing equipment, T-die fihn processing equipment, calendering 
processing equipment, or other film processing equipment. 

On the other hand, a laminated film with a transparent thermoplastic resin layer formed 
on the inner surface or on both the inner surface and outer surface of a resin layer containing 
mica flakes coated with fine particles of titanium oxide may be prepared as follows: From two 
extruders having 2-layer extrusion dies, a resin composition containing mica flakes coated with 
.fine particles of titanium oxide and transparent thermoplastic resin composition are extruded, 
respectively, and a 2-layer film is formed; or, using two extruders having 3-layer extrusion dies 
are used to form a 3-layer fihn prepared by laminating three layer, with a resin layer containing 
mica flakes coated with fine particles of titanium oxide as the middle layer, and with transparent 
thermoplastic resin layers as the inner and outer layers. 

For said laminated films, the resin of the film layer containing mica flakes coated with 
fine particles of titanium oxide and the resin of the transparent film layers may be identical or 
different from each other. The content of the mica flakes containing fine particles of titanium 
oxide should be in the range of 0.5-20 wt%, or preferably in the range of 1-5 v^% to ensure a 
high reflecfivity for UV light and substantially no hindrance on transmittance of the visible light. 

The thickness of the film depends on the specific application, and is not specified once 
for all. Usually, however, the thickness of the film layer containing mica flakes coated with fine 
particles of titanium oxide should be in the range of 5-50 |am, and the overall thickness of the 
film after laminating with the transparent fihn layers should be in the range of 10-100 jam. 

Effect of the invention 

When the film prepared in the above is applied to cover houses and timnels or for mulch 
the ground for cultivating plants, it can reflect UV light at prescribed wavelength, and can 
prevent aphids, southern yellow thrips, and other harmful insects fi-om flying in. 

Application examples 

In the following, this invention will be explained in detail with reference to application 
examples. However, these application examples are only for explaining the invention, and this 
invention is not limited to them. 
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Application Example 1 

Low-density polyethylene (density of 0.924 g/cm^ MI of 1.5 g/10 min): 100 parts by 

weight 

Mica flakes coated with fine particles of titanium oxide (TEDCAPERAL [transliteration] 
TP650, product of Teikoku Kako K.K.): 2.0 parts by weight 
Monoglycerin monostearate: 0.5 part by weight 

In the above listed composition, 0.1 part by weight of CHINUPIN [transliteration] 622, a 
type of hindered amine based weathering agent, was added. At a resin temperature of 150-160°C, 
the composition was blended in a 5-L Banbury mixer for 10 min, followed by pelletization using 
an extruder. Then, an inflation film processing equipment was used to form a film with thickness 
of 20 ^m under conditions of a temperature at 180°C for the melting zone, and a temperature at 
180°C for the dies. The results of tests of film performance are shown in Figure 1 and Tables I 
and n. 

Application Example 2 

A 20-|am-thick film was prepared in the same way as in Application Example 1, except 
that instead of the low-density polyethylene, an ethylene/butene-1 copolymer (density of 0.925 
g/cm^ MI of 2 g/10 min) was used. The results of tests of fihn performance are shown in Figure 
1 and Tables I and II. 

Application Example 3 

Ethylene/butene-1 copolymer (density of 0.925 g/cm\ MI of 2 g/10 min): 100 parts by 

weight 

Mica flakes coated with fine particles of titanium oxide (TEIKAPERAL [transliteration] 
TP650, product of Teikoku Kako K.K.): 8.0 parts by weight 
Monoglycerin monostearate: 2.0 part by weight 

In the above listed composition, 0.1 part by weight of CHINUPIN [transliteration] 622, a 
type of hindered amine based weathering agent, was added, and mixture resin A was obtained in 
the same way as in Application Example 1 . 

On the other hand, pellets were palletized from a composition prepared using the same 
type of ethylene/butene-1 copolymer as that used in the above and without using mica flakes 
coated with fine particles of titanium oxide and monoglycerin monostearate. This mixture resin 
will be knovm as mixture resin B in the following. 

Then, using two extruders and a 2-layer inflation film processing equipment having 
2-layer dies, said mixture resin A and mixture resin B were loaded in the extruders, respectively, 
and a 2-layer laminated fihn was formed by melting and bonding mixture resin layer A and 
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mixture resin layer B in the 2-layer dies under condition of a temperature at 220°C for the 
mehing zone and temperature at 200°C for the dies. For the obtained 2-layer film, the total 
thickness is 80 |im, with the ratio of thickness of mixture resin layer A/mixture resin layer B of 
1/8. 

Tests of the fihn perform were performed with mixture resin layer A as the outer layer. 
The results are shown in Figure 1 and Tables I and n. 

Application Example 4 

Using mixture resin A and mixture resin B prepared in Application Example 3, formation 
was performed on a multiplayer inflation film forming machine having 2-type/3-layer dies. 
Mixture resin A was fed through an extruder to form the intermediate layer under condition of a 
temperature at 190°C for the mehing zone and a temperature at 200°C for the dies, while mixture 
resin B was fed through another extruder to form the inner layer and outer layer under condition 
of a temperature at 190°C for the melting zone and a temperature at 190*^0 for the dies. The 
resins fed for the various layers were boned to each other inside said dies to form a 3 -layer 
laminated film with a total thickness of 30 |am, including a thickness of the inner layer of 12 ^im, 
a thickness of the intermediate layer of 6 |am, and a thickness of the outer layer of 12 |im. The 
performance of the obtained film is shown in Figure 1 and Tables I and 11. 

Comparative Example 1 

A 80-iLim-thick single-layer inflation film was prepared firom mixture resin B prepared in 
Application Example 3 alone. Results of the tests performed on the film performance are shown 
in Figure 1 and Tables I and 11. 

Comparative Example 2 

For a conmiercially available aluminum-deposited polyethylene film (thickness of 50 ^m, 
product of Reiko K.K.), the performance was determined in tests. 

The results are shown in Figure 1 and Tables I and 11 . 

Comparative Example 3 

Ethylene/butene-1 copolymer (density of 0.925 g/cm^ MI of 2 [g/10 min]): 100 parts by 

weight 

Titanium oxide (product of Teikoku Kako K.K.): 8.0 parts by weight 
Monoglycerin monostearate: 2.0 part by weight 
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In the above listed composition, 0.1 part by weight of CHINUPIN [transliteration] 622, a 
type of hindered amine based weathering agent, was added, and mixture resin C was obtained in 
the same way as in Application Example 1 . 

Then, using two extruders and a 2-layer inflation fihn processing equipment having 
2-layer dies, said mixture resin C and mixture resin B prepared in Application Example 3 were 
loaded in the extruders, respectively, and a 2-layer laminated film was formed by melting and 
bonding mixture resin layer C and mixture resin layer B in the 2-layer dies under condition of a 
temperature at 220°C for the melting zone and temperature at 200°C for the dies. For the 
obtained 2-layer film, the total thickness is 80 |im, with the ratio of thickness of mixture resin 
layer C/mixture resin layer B of 1/8. 

Tests of the film perform were performed with mixture resin layer C as the outer layer. 
The results are shown in Figure 1 and Tables I and II. 

In the application examples and comparative examples, tests of the performance of the 
film were carried out using the following methods. 

[1] Total light transmittance 

The total light transmittance was measured for the film using a haze tester manufactured 
by Toyo Seiki K.K. 

[2] Reflectivity of UV light and visible light 

For UV light and visible light, the reflectivity was measured using a Hitachi Automafic 
Recording Spectrophotomer Model 330. 

[3] Harmful insect repelling effect 

With ground mulched with a film, cucumber was cultivated in a space of 90 cm in width, 
25 m in length, and 20 cm in height. In 80 days of summer time, the number of southern yellow 
thrips (imago and larva) and the number of aphids (imago with wings) were counted (for 80 
cucumber leaves). 

[4] Growth property of plants 

The harmfiil insect repelling effect was studied by determining the grovrth property of 
cucumbers under said mulch fihn. The passing rate in harvest is a relative value, with the rate for 
an uncovered land taken as 100%. 



Table I. Total light transmittance of films 
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Table 11. Harmful insect repelling property and growth property of plants 
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4 Comparative Example 

Brief description of the figures 

Figures 1-a and 1-b are graphs illustrating the reflectivity of UV light - visible Ught of 
the film versus wavelength (w^avelength in the range of 0.2-0.8 ^im). 
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